(Received for publication, November 20, 1917.) In an earlier study (1) it was shown that experimental uranium nephritis in the dog is characterized by an acidosis and an increase in the blood urea and plasma chlorides and that when sodium bicarbonate is administered daily the acidosis is of lesser degree, the increase of blood urea and plasma chlorides" is not so great, and the lesions in the kidney are not so severe.
In the present investigation the scope of the work has been extended to include other forms of nephritis, those due to cantharidin, arsenic, diphtheri~ toxin, and potassium chromate (2) . Inasmuch as the general literature on the subject was reviewed and the methods of study were described in detail in the first paper, these will not be again considered.
The observations were made on the dog and include the determination of (a) the carbon dioxide content of the plasma by the Van Slyke-Stillman-Cullen method (3), (b) the non-protein nitrogen of the blood by the Folin-Denis method (4), (c) the urea nitrogen of the blood by the Van Slyke-Cullen method (5, 6) , (d) the chlorides of the plasma by the McLean-Van Slyke method (7), (c) the ketone of the blood by the Rothera method (8), (f) the hydrogen ion concentration of' the urine by the Palmer-Henderson method (9) .
All the animals were kept on a constant diet for several days and normal control determinations made before the production of the nephritis. All the control observations of blood and urine were made on at least 2 different days. In order to ensure definitely comparable results all bleedings for the purpose of obtaining blood for 413 chemical study were made at 9 a.m. and the animals were always fed at 3 p.m. All the nephritic poisons were injected subcutaneously at 9.30 a.m. The observations fall naturally into two groups: (a) the purely chemical and pathological studies of nephritis and (b) the study of the influence of sodium bicarbonate. For the first group a severe nephritis was produced and for the latter a lesion of milder degree. The study of a severe nephritis due to each of the four renal poisons will be described before the studies illustrating the influence of sodium bicarbonate are presented. The milder degree of nephritis will be described later in connection with the study of the effects of sodium bicarbonate.
Cantharidin Nephritis.
The animals received cantharidin (1 per cent) (Merck) dissolved in acetic ether in the proportion of.0.002 gm. per kilo of body weight. Albumin and casts appeared promptly in the urine. The general results of the chemical study--an increase in n0n-protein and urea nitrogen and in chlorides and a diminution in the carbon dioxide con- tent of the plasma--are shown in Table I . These results are duplicated in the second dog receiving the same dose of cantharidin. In the second dog the changes were in the same direction but not of the same degree. Histologically the kidneys of these animals showed marked congestion of the blood vessels, extreme granular degeneration of the convoluted tubules, and plugs of granular material in the tubular lumina.
Arsenic Nephritis.
In this series, ~rsenic in the proportion of 0.002 gin. per kilo of body weight was given. 1 The dose caused the appearance of albumin and casts in the urine. The chemical changes were in the same direction (Table II) as in the other forms of nephritis. In a second dog Urine. which was given arsenic the changes were of even less degree, and a return to normal was seen in the second 24 hours. Histologically the changes in the kidneys were limited to granular degeneration of the epithelium of the c6nvoluted tubules with accumulation of granular material in the lumina.
Diphtheria Toxin Nephritis.
In this series the animals received diphtheria toxin of approximately • k~ toxicity, in the proportion of 0.02 cc. per kilo of body weight. Albumin and casts appeared in the urine and after 2 days the chemical studies indicated most marked changes. These are shown in Table III . Like results, except that the chlorides were slightly lower, were obtained in a second animal similarly treated. Histologically the kidneys of these animals showed intense congestion and extensive granular degeneration of the ceils of the convoluted tubules with occasionally hyaline droplets and here and there necrotic cells. Casts, both granular and hyaline, were found in the tubules. The gtomeruli were shrunken and the capsular spaces occasionally contained a finely granular material.
Potassium Chromate Nephritis.
Potassium chromate (Merck) was dis;olved in distilled water to make a 1 per cent solution. The chromate salt was given subcutaneously, first in the proportion of 0.006 gin. per kilo of body weight and after 4 days a second injection of 0.01 gm. per kilo. Albumin and casts appeared promptly in the urine and death occurred, preceded usually by vomiting and a comatose condition (Table IV) . These results are duplicated in the second dog. Histologically the kidneys of .these animals showed the typical degeneration and necrotic lesions of chromate nephritis.
The results of the cantharidin, arsenic, diphtheria toxin, and chromate nephritis confirm our earlier work with uranium nitrate and show that in experimental nephritis there occurs, in addition to the retention of non-protein and urea nitrogen , a moderate acidosis. This is most marked in the diphtheria and chromate nephritis, but. is evident also to lesser degree in cantharidin and arsenic nephritis.
Effects of Sodium Bicarbonate.
In the series in which the protecting effect of sodium bicarbonate was studied, a milder grade of nephritis was produced. Four dogs were used for each type of nephritis and the experiments were conducted so that two animals in each experiment received the bicarbonate, while the other two, serving as the controls, received none. To all thesame dose per kilo of the nephritic poison was given. The animals receiving sodium bicarbonate were given the bicarbonate for several days before the nephritic poison was administered and the bicarbonate administration was continued throughout the experiment. The sodium bicarbonate was given by stomach tube in the proportion of 2 gm. per kilo of body weight with 10 cc. of water for every gm. of the salt. This daily treatment followed the drawing of blood at 9 a.m., which was also the hour at which the nephritic poison was administered. All food was given at 3 p.m. Tables V and VI shows the influence of the sodium bicarbonate in preventing the reduction of tile carbon dioxide content of the plasma. The animals receiving bicarbonate, moreover, showed less tendency to vomit and did not refuse food. Histologically the kidneys showed an equal degree of nephritis whether bicarbonate had been given or not. Arsenic Nephritis.--In this series the difference between the control and the bicarbonate dogs was slight, but was in accord with that occurring in the preceding series. The dog that received bicarbonate showed no diminution of plasma carbon dioxide. The nephritis in all was of a very mild grade. None of the animals had disturbances of digestion and no difference in the degree of histological changes in the kidneys could be recognized. Tables IX and X show the same diffeience in carbon dioxide content as in the experiments with arsenic and cantharidin, but digestive disturbances occurred in both bicarbonate and Control dogs. Histologically changes in the kidneys of the animals receiving bicarbonate were of slightly lesser grade than in those of the controls. The present work was undertaken to ascertain first what degree of acidosis occurs in experimental nephritis due to substances other than uranium, and second, how much protective action is obtained from sodium bicarbonate administered by stomach in these forms of nephritis It is Clear that in the acute nephritis caused by cantharidin, arsenious acid, diphtheria toxin, and potassium chromate a moderate acidosis occurs, as shown by the diminution of the carbon dioxide content of the plasma and by the increased hydrogen ion concentration of the urine.
Diphtheria Toxin Nephritls.--
The non-protein and urea nitrogen and the chlorides in the blood, in the severe form, are always increased. In the milder grade of experimental nephritis, the action of the poisons was inconstant in the different dogs. While some dogs showed a moderate increase in the non-protein and urea nitrogen and in the chloride content of the blood; the others showed only very slight if any change. When sodium bicarbonate was given to these dogs the retention of nitrogen and of chlorides in the blood was in some instances less than in the control dogs but in other instances no difference could be noted.
In acute nephritis, a rise in the blood urea content may be due to renal insufficiency, and without doubt the impaired kidney function is to be considered the chief factor in the increase of the urea nitrogen in the blood, but such other factors as increased protein catabolism may be of some importance.
Gastrointestinal disturbances, indicated by the refusal of the animals to take food and by vomiting, frequently develop early in the course of the nephritis. Consequently the food intake of the nephritic dogs is not the same in different experiments and is not so constant as that during the preliminary control period. The possible influence of this change in food intake upon the catabolism must be considered, and it is not proper to attribute slight differences in the nitrogen content of the blood entirely to renal insufficiency.
Concerning the protective action of sodium bicarbonate against the acidosis it will be noted that the dogs receiving soda always showed a higher level of carbon dioxide content in the blood in the period before administration of the nephritic poison and, moreover, that decrease in this figure during the nephritis was much less in the dogs receiving soda than in the controls without soda.
The hydrogen ion concentration was always diminished during the nephritic period in the control dogs, while in the dogs receiving soda it showed scarcely any change.
The most constant and striking difference between the control dogs and the dogs receiving soda in this mild grade of experimental nephritis was the less pronounced diminution of carbon dioxide content in the blood and the less pronounced decrease in the hydrogen ion concentration in urine in the dogs given soda, which indicates that the so4inm bicarbonate has a protective action against the acidosis.
In some instances the animals when nephritic fell into a type of coma, being at first somnolent, then passing into a deep sleep, with deepened respiration. These symptoms are analogous to those seen in patients with uremic coma.
The association of severe acidosis and of coma is frequent. This suggested that there may be some relation between even the com. paratively mild acidosis of these experiments and the greater tendency to coma that may be noted in the dogs receiving no soda.
Whether the acidosis of these types of experimental nephritis is due to a decrease of the excretory power of the kidney for acids, that is to retention of acids, or to the production of abnormal types of acids, or to increased production of acids is not known.
In all the animals acetone and acetone bodies were absent from the blood; hence, the acidosis in these types of experimental nephritis is not due to the acetone bodies.
CONCLUSIONS.
i. In experimental nephritis caused by cantharidin, arsenic, diphtheria toxin, and potassium chromate, in addition to the retention of the non-protein and urea nitrogen and of the chlorides in blood, an acidosis occurs.
2. Sodium bicarbonate given by the stomach has the power of diminishing the acidosis in these types of nephritis.
3. The degree of increase in the non-protein and urea nitrogen content in the blood in mild nephritis varies considerably in different dogs receiving the same dose per kilo of a given poison.
